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BIOCHEMICAL STUDIES ON NUTRITION
UNDER SPECIAL ENVIRONMENT

II. THE EFFECT OF REDUCED PRESSURE UPON DIGESTIBILITY*

TeTuo Tomivama, TERUO YABUKI and SizuE NAKAO

On repeating the exposure to reduced pressure, the metabolism
of living organisms is subjected to remarkable changes in many
respects. In addition to vitamins and caloric sources, the body
protein will be consumed to a great extent. in order to maintain
‘the mormal nutrition under such environment, it might be important
to have an adequate supply of protein. The cfficient supply of
protein will depend largely on the.digestibility of protein material
as well as the amount of its intake. It has not been shown whe-
ther or not the digestibility of food ingested might be changed by
keeping a test animal under reduced pressure. So, by using albino
rats, determinations have been made on the changes in the
digestibility of various protein-component of synthetic diets by
exposing the test animals to reduced pressure for two hours a
day. Furthermore, the effects upon the digestibility of a nitroge-
nous component of easily digestible synthetic diet, after exposure
to reduced pressure, have also been estimated.

1. EXPERIMENTAL METHOD

The synthetic diets used comprise three kinds as shown in
Table 1. In every case, crude protein-content in the diet is adjusted

*_An abstract of this paper was presented before the Agricultural Chemical
Association at Fukuoka, Dec. 2, 1944.
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to be 1526. The mixture of peptone and amino acids in the diet
was prepared by autolyzing sardine in acidic medium at 50°C. for
ten hours. The analysis of the mixture gives no protein- and
metaprotein-N, 1495 for proteose-N, 24.895 for peptone--N, 17.39
for subpeptone-N and 43.8 for amino-N.

Table 1. The composition of diets

N Cofr}iﬁo— ! M;xture M o -
. nents 1XTUTE | wrpole B, con- B,
\of dlet‘ Sardine Lpepto e oftv%gl{e milk Wheat Salt Yeast centrate hvd
Kind meal | A0 {5 anq POWAEr| gorch |mixture 45 | (Oryza- | VT
of \ | ! amine Ihver ail® § nine) Ichloride
diet ™~ o acid*® | . 3 . P .
Fish meal- pe Ak . : -
diet 21 - 10 60 3 ] 2.5¢cc.
Peptone- : s P - y
diet No. 1 — 2;8. 10 — B0 3 5 2.5¢cc, —
ilk-di o s i 1 B . 207 per
Milk-diet 57 64 23 3 5 each rat
reptane. 5 28 5 - 65 3 5 = Bper,

diet Nor. 1

* CL.O. unit=7 1 CL.O. unit 14 - § 3.78% total nitrogen, 82 fat,

72 moisture. ¥%9 1727 total nitrogen

The weighed amount of food was always given about 9 a.m.
Daily records were kept of food consumption. The feces was
collected about noon just after exposing to reduced pressure.**
In order to collect feces not contaminated with urine, a sufficiently
fine wire gauze was placed under the cage of the test animal.
When exposing the test animal to reduced pressure, a fine wire
wauze under the coarse one, on »which the specimen rested, was
used. The feces, after being acidified with hydrochloric acid, was
dried at 70°C. and weighed. Dried food and feces were analyzed
for nitrogen. The digestibility of solid matler or nitrogenous
matter has been calculated by the following formula.

Pt l;“‘ 100 - F'g‘;f‘“_ 100,

% Several preliminary experiments have shown that food ingested is ordinarily
excreted after 8-9 hours under normal atmospheric pressure. [t was observed,
however, that after exposing to reduced pressure no excretion of feces took place
for 4 6 hours, probably due Lo abundat excretion on sharp reduction of pressure.



Lrled
ii

where, D and Dy, digestibility of solid matter and nitrogenous
matter, respectively; F and {, dried weight of food ingested and
feces excreted, respectively; N and n, content of nitrogen in F
and f, respectively. The determination of digestibility has always
been carried out after several days of preliminary feeding and
exposure to reduced pressure.

Albinc rats used were from the same litter. By using the
special apparatus reported in the preceeding paper, the experi-
mental animals were exposed for two hours every day to reduced
pressure of 300 mm. mercury corresponding to the altitude of
7,000 m., about 200 cc. air being supplied during the exposure.
The rate of reduction of pressure was 90 mm. mercury per mintte.
A preliminary experviment had been carried out to find an appro-
priate time of exposure to reduced pressure. It was found that
exposure for more than three hours gave so drastic an influence
that sometimes death resulted especially at higher temperature.
Daily exposure for two hours, accordingly, has been adopted.

Furthermore, it has also been examined in the preliminary
experiment whether or not feces excreted on expgsure to reduced
pressure may show indigestive character, since an abundant amount
of feces is usually excreted at the start in the reduction of pres-
sure. Table 2 will clearly show that no difference in nitrogen-
content is found between normal feces and feces excreted follow-
ing exposure to reduced pressure,

Table 2. The nitrogen-content of feces on exposure to reduced pressure
compared with feces under normal pressure

N Kinds] Fish Meal-Diet Peptone-Diet
v oof Feces excreted under Feces excreted under
- feces
3 normal pressure © reduced pressure normal pressure l reduced pressurs
e e, e

. {Drie¢ Mois- N ‘Dried Mois- N Dried Mois- N {I)ried Mois-
_ Date N owt, ture _owte ture wt.  ture 7 wi  ture

V/26 210 312 536 177 320 481 375 530 410 112 535 370
27 211 340 57 125 350 451 460 350 413 090 360 406
30 205 268 497 096 400 472 382 220 346 L78 315 360
31 081 103 429 166 334 458 245 184 388 178 3l6 377

VI 1 222 178 464 152 340 456 253 185 353 170 320 373
2 152 201 467 187 355 394 214 332 - 113 247




2. EXPERIMENTAL RESULTS

Results obtained by comparing the milk powder- or fish mea]-_
“diet with the peptone-diet are shown in Table 3, 4, 5, and 6. All
the data are summarized in Table 7.

Table 3. Digestibility of ﬁish‘meal-diet, rate of growth, and food
ingested at 28—30°C.

% Under Reduced Pressure

Date i Body

Under Normal Pressure

{

|

e R RS
} ocy Food - D i Dy

Food D’

ingested | Dy

o .8 ‘8 lingested i

VII/6 92 86 102 11.0 880 87.5 806 785 90 111 117 128 884 867 77.8 76.8
7 97 89 10.7 107 76.8 837 525772 94 118 111 139 886 8;7.0 748 74.5
9 102 94 91104 90.2 900 791 80.7 99 129 104 17.3 924 914 87.2 85.6
10 102 .92 7.0 7.4 849 737 72.0 686 101 135 9.1 158 846 830 692 795
11 102 95 7.2 72 BRB5 925 791 BR2 105 140 9.5 156 919 882 859 79.6

Table 4. Digestibility of peptone-diet, rate of growth, and
food ingested at 28—-30°C.

tUnder Reduced Pressure ) Under Normal Pressure
Date " Body 1 ’ ST T U Bedy £ T -
Cowt r"“t‘L D Dy | owt Pootdd | D
¢ 5| ingested : | 9 5 ingeste ‘ i g

VII6 97 96 104 118 952 960 933 3.7 100 102 111 122 946 903 929 80.0
7 95 99 86 86 056 953 U923 019 104 108 109 123 927 951 855 92.8
9 103 104 69 80 953 945 021 89.6 111 117 87 110 950 Y34 923 87.1
10 103102 63 70 957 924 922 865 110 114 85 100 962 935 935 90.0
11 107 10f 86 11.8 958 99.0 931 984 111 118 112 12.8 95.2 97.2 915 059

e e

Difterence of digestibility between the peptone- and the milk
powder-diets was 3.69 in solid matter, and 5792 in nitrogenous
matter. When exposed to: reduced pressure. the difference was
greater, ie., 6,59 in solid matter and 8.7% in nitrogenous matter.
However a more pronounced difference has been observed between
the peptone- and the fish meal-diets. It is a remarkable fact that
peptone can be utilized 8.79 more efficiently than the protein of
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Table 5. Digestibility of milk-diet, rate of growth, and food ingested.

: Under Reduced Pressure
ET o |, g

Food

Under Normal Pressure
T Body T

|
| QWI'S | ingested | L D i 'PWt‘Q.  ingested B D
X6 79 72 67 63 869 861 81580 72 78 7.2 7.9 848 866 811 81.8
781 738 72 46 903899 872453 75 8l 72 84 9Ll 926 883 89.6
8 85 76 U6 7.7 916010 878863 76 85 B3 W6 920 93.2 885 895
9 83 74 93 49 90582G 855790 79 87 75 89 880 89.2 8238 833
it 34 77 85 6.8 880 854 — 81 88 85 80 92.0 89.2 88.5 85.6
11 91 79 74 68 9L0 865 885 828 85 92 80 85 88D 90.4 BHU 87.5
12 94 83 84 84 911 882 883 828 89 97 96 90 938938 905912
13 98 86 &0 BU 866 877 853 838 90 9% 91 85 B892 87.9 84.0 825
14 99 88 7.5 81 866 854 B840 813 94 102 9.3 93 90.7 9L.0 852 865
15 101 90 73 7.3 915 894 890 841 99107 91 97 934 933 90.1 904
16 103 93 80 80 859 863 835 814 101 110 108 91 89.0 89.4 84.6 85.3
Table 6. Digestibility of peptone-diet, rate of growth, and food ingested
: Under Ré&ﬁéed Pressure - ”Under Normal Pr_essu;##_—
Date : Body ! 1 - Body | ! )
“ ?wt.z };nge"?f;a ;D Dy | th.z %m';‘e’;ﬂd D ] Dn
IX/6 73 62 99 101 93.7 907 915 BB7 &6 69 1"1.8 7.4 936 948 91.1 935
7 71 65 7.2 &1 936930 90.0 900 69 75 96 110 955 941 92.8 90.5
8§ 74 69 B8O 75 944937 925920 70 71 95 35 937 — OL1 ~—
9 75 69 9.1 91 540 938 9229021 73 69 95 7.3 049 — ‘932 —
0 79 71 90 73 937969 910957 75 72 94 86 952 950 931 92.7
11 81 74 80 71 927958 0.9 953 74 76 §8 97 927 933 902 919
12 86 77 92 85 949965 937055 80 83 9.2 106 905914 87.8 89.1
13 8 79 9.2 107 960 9?.4‘95:3 972 84 88 1L6 116 946 94.6'.93_.3 94.0
14 90 79 134 10.8 950 983 94.0 97.8 87 85 159 140 948 96.4 93.5 95.7
15 95 81 94 67 965941 955927 91 92 107 89 950 961 93.9 947
16 98 84 99 83 926033 91.191.6 94 95 91 91 940 91.2 925 886




80

milk and 16.6¢4 more efficiently than the protein of fish Vmeal.
This result certainly favors the use of peptone as a protein-source

in aviator’s rations.

Table 7. Summary of the Results

Increase in body weight D DA D DN

per g. food
Fish  Pep- .. Pep- Fis;.r Pep | Fish Pep .. Pep- | . Pep-
meal . tone g;[;l:‘ tone | meal tone | meal tone | 3;1;]:‘ tone : D"il'"‘ tone
diet  diet diet | diet diet | diet diet diet diet

Er‘g;“_“l 0.35 025 032 025 882 945 792 08 906 912 HGS 922

Reduced ) o3 027 024 862 956 757 Y24 882 U4l  BAS 032
press. ’

Diffe- : . :
rence  —012 —0.02 ~005 —0.01 —20 +11 =35 +20 =24 +05 -20 +10

It is of particular interest to note that milk- and fish meal-
diets are digested to less extent on exposure to reduced pressure,
whereas the peptone-diet is digested to a somewhat greater extent.
This decrease in digestibility may be accounted for by the decrease
in secretion of digestive enzymes due to the effect of exposure to
reduced pressure. Tt is also apparent that the assimilability of
peptone will not be changed to any extent by the decrease in

secretion of the enzymes.
It is to be pointed out that the value of increase in body

weight per unit weight of peptone-diet remained almost the same
on exposure to reduced pressure while the value per unit weight
of milk-diet decreased by about 152;. This will also prove the
efficient utilization of peptone-diet in the animal body under such
drastic effect.

3. SUMMARY

1. By exposing albino rats to reduced pressure, an appreciable
decrease has been noticed in the diﬁestibi{ity of solid as well as
the nitrogenous matter of diet containing fish meal or milk powder
as protein-source.
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2. No decrease, by exposing to reduced pressure, has been
observed in the digestibility of diet containing a mixture bf peptone
and amino acids. '

3. By keeping the test animal under reduced pressure for
two hours daily, peptone can be utilized 87% more efficiently
‘than the protein of milk and 16.69 more efficiently than the
protein of. fish meal.

4. These experlmental findings give credence to ’(he presumpr-
tion t‘hat the secretion of dmlgestwe enzymes, especially proteolytic,
may decrease in appreciable amount only by keeping the specimen
under reduced pressure for two hours.

We wish to express our hearty thanks to Mr. L. Takahashi
and Miss T. Shiga for their helpful assmtanc‘f_ This study was
carried out in part with the aid of a grant from the Research
Fund of the Ministry of Fducation.



